According to several reports, natural disasters and climate change will intensify and dampen development if appropriate measures are not implemented. Our paper contributes to this literature and analyzes the impact of natural disasters on domestic resource mobilization in developing countries. Using propensity score matching estimators over the period of 1980-2012 for 120 developing countries, our results conclude that government revenues decrease in the aftermath of natural disasters. Moreover natural disasters that occur in border countries have a negative impact on government revenues of neighbor countries. However, the adverse effects of natural disasters are dampened in countries with high level of resilience capacity and stronger governance.
Introduction
Over the last decade, many developing countries have made important progress in human development. According to UNDP (2013) and UNDP (2014) , the number of people affected by extreme poverty decreased from 1.9 billion to 836 million between 1990 and 2015. In developing countries, the percentage of undernourished people has dropped from 23.3 per cent to 12.9. Over the period of 2000-2015, life expectancy, and education levels have risen while child mortality rates have declined. Despite such successes, progress has been unequal across countries and regions, and millions of people have been left behind, particularly in developing countries. According to the UNDP Report (2015) on Millennium Development Goals (MDG), more than 800 million people are affected by hunger and continue to live in extreme poverty. In addition, the report shows that climate change can undermine observed progress. In recent years, several developing countries have been negatively affected by frequent and intense natural disasters that have destroyed hundreds of thousands of lives 1 . For instance, the WHO 2 report concludes that more than 9,000 people have died from Ebola in the three most affected West African countries: Guinea, Sierra Leone and Liberia.
For years, several authors have explored the macroeconomic and development impact of natural disasters. Some works have explored the impact of natural disasters on economic growth (Raddatz 2009 , Noy and Vu 2010 , Cavallo 2011 ) and trade (Yang 2008, da Silva and Cernat 2012) whereas other have focused on human development and poverty (Evans et al. 2009, Hallegatte and Dumas 2009 ). However, the literature on the impact of natural disasters on government revenue is scarce. To our knowledge, only one study by Noy and Nualsri (2011) investigates the impact of natural disasters on revenue. Using GMM techniques for 45 countries over the period of 1990-2005, they find that natural disasters increase government revenues in developing countries, while revenues drop in developed countries after natural disasters. Moreover, the authors show that the impact of natural disasters on tax revenues depends on the macroeconomic dynamics that occur following the disaster shocks as well as on the structure of revenue sources (income taxes, consumption taxes, and custom dues). However, these results may be biased estimates. First, empirical evidences show that developed countries are less adversely affected by natural disasters and have higher levels of tax revenues than developing countries. In such case, the GMM estimators will tend to overestimate the 1 Liberia, Guinea and Sierra Leone are infected by the Ebola virus. Haiti experienced a severe earthquake in 2010 and floods in 2011 and 2014. Ethiopia was affected by famine in 2012, whereas Pakistan, Indonesia, Myanmar and India have been affected by floods in previous years. 2 See Ebola Situation Report-11 February 2015. Available at http://apps.who.int/ebola/en/ebola-situation-report/situationreports/ebola-situation-report-11-february-2015 impact of natural disasters because the control group includes countries (mostly developed ones) that have a higher average level of domestic resources than those of the treated group (mainly developing countries). Second, one of the limitations in dynamic panel GMM techniques is that the lagged values of the endogenous variables are sometimes poor instruments for the variables in first differences. Therefore, the use of lagged values of the explanatory variables as instruments is misleading. Finally, Noy and Nualsri (2011) 's sample size is small and encompasses primarily emerging countries, and the authors do not estimate the effects of natural disasters on the different sources of tax revenues.
Our paper provides new evidence on the relationship between natural disasters and domestic resource mobilization for 120 developing countries over the period of 1980-2012. Our paper is innovative for three reasons. First, it uses the propensity score matching (PSM) method to evaluate the tax effects of natural disasters. The PSM is a useful way to account for potential selection bias where the treatment and control groups have substantial overlap. Second, we take into account the spillover effects of natural disasters. Natural disasters may not only affect domestic tax revenue but also neighboring countries, in terms of factors such as destruction of physical and human capital, displacement of people, and trade diversion. Finally, the paper attempts to address policy recommendations by analyzing the resilience and governance capacity of various countries to dampen the impact of natural disasters.
Our results are clear and compelling. First, we establish that natural disasters have negative effects on government revenues and on a broad mix of tax revenues (trade transaction tax revenue, general goods and services tax revenue, property tax revenue, and social contributions). Furthermore, we find that natural disasters that occur in border countries have negative effects in neighbor countries.
Finally, our findings clearly indicate that the negative tax effects of natural hazards are dampened in countries with a high capacity of resilience and stronger governance.
The rest of the paper is organized as follows. Section 2 contains a discussion of how natural disasters can affect tax resource mobilization. Section 3 explores the data, describes the different types of natural disasters used and presents some stylized facts. In Section 4, we discuss the methodology, while Section 4 presents our main results. Extensions to conditional factors on quality of governance and resilience capacity estimations are presented in Section 5. Finally, Section 6 provides concluding remarks and policy recommendations.
How can natural disasters affect domestic tax mobilization?
There are several channels through which natural disasters may affect domestic resource mobilization. First, government revenues can be affected because of the negative effect of natural disasters on economic activity and growth, including falls in imports and exports leading to direct and indirect reductions in tax revenues. Second, according to the neoclassical growth model, natural disasters can deplete of capital stock. After a natural disaster, the economy can converge towards its old long run, steady-state equilibrium through faster capital accumulation. In other words, by destroying capital stock, natural disasters alter the production frontier and lower per capita output.
Later, increased investment tends to replenish the capital stock and return it to its previous level.
Therefore, in the short term, natural disasters reduce economic level and growth, and domestic resource mobilization, while over the long term, they may have no effects.
However, this conclusion may be an oversimplification because it doesn't take into account other channels through which natural disasters may impact a given country's production function and resource mobilization. Indeed, several driving forces can be highlighted. First, business and commerce in the geographical area of a natural disaster can be disrupted and shut down. This may hamper GDP growth. Second, damage of economic infrastructure can induce either a reduction in the capital stock available for economic production or in a disruption of infrastructure services, such as power outages and road closures. Public and private enterprises may experience disaster-related losses and therefore reducing government potential revenue. On the other hand reconstruction efforts through investment-oriented activities can increase economic activity levels and resource mobilization. Post-investment activities are opportunities for necessary but neglected repairs and for the upgrading of facilities. Third, the impact of natural shocks on resource mobilization may depend on the structure of the economy and on taxation. In some countries, government revenues are sensitive to natural disasters because they are dependent upon taxation of the agricultural sector or on import taxes.
Data and stylized facts
This paper uses data for 120 developing countries from 1980 to 2012. These data are from several sources (see Appendix, Table A2 for details and descriptive statistics). Data on natural disasters and government revenues (including different components) are from the EMDAT disaster database 3 (Centre for Research on the Epidemiology of Disasters (CRED), 2014) and the International Monetary Fund (IMF) datasets, respectively.
According to the CRED, a natural disaster is defined as a natural situation or event which overwhelms local capacity necessitating a request for external assistance. Specifically, at least one of the four criteria must be fulfilled: (1) 10 or more people reported killed; (2) 100 people reported affected; (3) declaration of a state of emergency; or (4) call for international assistance. In this paper, we focus on the occurrence of natural disasters in developing countries. The EMDAT disaster database includes data on hydro-meteorological disasters (floods, wave surges, storms, droughts, landslides and avalanches), geophysical disasters (earthquakes, tsunamis and volcanic eruptions) and biological disasters (epidemics and insect infestations). Data on government revenues encompass total government revenues (excluding grants), total tax revenues (excluding social contributions), trade transaction tax revenues and goods and services tax revenues.
GDP per capita, trade openness (defined as the sum of exports and imports as a share of GDP), natural resources over GDP, the share of value added agriculture as a percentage of GDP, foreign aid per capita and primary net school enrolment come from the World Development Indicators (World Bank 2014). Different data on the geographic location of the different countries are used to take into account exposure to natural disasters. The ESRI ArcGIS 10.2 provides distance from the equator and the length of the coasts. The slope and altitude measurements are from the ISciences' Elevation & Depth Map -30 Arc Second. Finally, the level of democracy (measured by "polity2") is provided by the Polity4 Project database. 
Methodology
Assessing the macroeconomic consequences of natural disasters remains a central issue. Previous studies have often used methods such as before-after statistical analysis (Albala-Bertrand 1993), cross-country OLS (Yamamura 2013) , the general linear regression model (Hochrainer 2009 ), panel VAR and GMM framework (Raddatz 2007 , Noy 2009 , Loayza et al 2009 , cumulative impulse response functions (Raddatz 2009 ). However, as highlighted by Cavallo et al (2011) , these methods are likely to be severely biased if the countries affected and not affected do not have the same average income level. For example, if the countries affected by natural disasters have on average a lower level of domestic resources than the control group, traditional models tend to overestimate the impact of natural disasters.
Econometric investigations should therefore find ways to bypass the fundamental problem of finding an acceptable counterfactual group to estimate an unbiased effect of the natural disasters we are studying. Cavallo et al (2011) are the precursors of using matching methods to estimate the effects of natural disasters on GDP growth. In their paper, they employ the synthetic control group that allows them to construct an appropriate counterfactual, i.e., to estimate what would have happened to the path of GDP of the affected country in the absence of the natural disaster and to assess the disaster's impact by comparing the counterfactual to the actual path observed. This method is reliable for country comparative case studies and focuses on a particular event and not recurrent events, which is what we are interested in here. In this paper, we use the propensity score matching (PSM), a method that allows us not only to construct control groups, thus reducing the selection bias. This method is also suited for recurrent events such as natural disasters.
Similarly to Cavallo et al (2011) , we consider that the timing of a natural disaster is an exogenous event. Thus, experiencing natural disasters is taken as the treatment status. The propensity score is defined as the probability of experiencing natural disasters conditional on observed covariates, and is typically estimated from regression models, such as a logistic or probit regression of the treatment, conditional on the covariates (see for review Rosenbaum and Rubin 1983; Dehejia and Wahba 2002; Heckman et al. 1998) . In other words, PSM involves a statistical comparison of country groups based on two steps. First, the probability of observing natural disasters in a given country at year t is estimated conditional on observable economic conditions and country characteristics.
The set of variables included are: GDP per capita, trade openness, natural resources over GDP, the share of agriculture value added as a percentage of GDP, foreign aid per capita, primary net school enrollment and Polity2. Then, we extract predicted probabilities of experiencing natural disaster in for each country. Second, these probabilities, or propensity scores, are used to match countries that have experienced natural disasters with countries that have not and thereby to construct a statistical control group. This approach ensures similarity of initial macroeconomic conditions and country characteristics in the comparison, or control group. The control group provides a proxy for the counterfactual, that is, for government revenue if a country that has experienced a natural disaster had not experienced one. The effect of the natural disaster is then calculated as the mean difference in the government revenue across these two groups. An important feature of the propensity score estimation is that the estimated propensity scores are determined independently from the outcome measure of interest. In this sense, this procedure enables us to remove systematic imbalances or differences between the treated and control cases prior to assessing any differences in any specific outcomes.
As highlighted above, natural disaster countries are called the treatment group whereas the remainder of the sample constitutes the control group. When estimating the effect of natural disasters on tax revenues, the average treatment effect of natural disasters on the treated group (ATT) would be of interest and expressed by:
With ND a dummy variable identifying countries experiencing natural disaster in any given year, ∆ 0 | = 1 the change in government revenue that would have been observed if a country experiencing natural disaster had not experienced such a disaster, and ∆ 1 | = 1 is the change in government revenues observed in the same country. However, given the fact that the initial macroeconomic conditions of countries affected by natural disasters can be different than those of non-affected countries, it is not plausible to assume that government revenues would be the same in the absence of natural disasters. Therefore, a sizeable selection bias would be present. The propensity score matching method allows us to overcome this selection bias on observables problem. The key assumption to eliminate selection bias from equation (1) through matching methods is conditional independence, which requires that, conditional on some control variables X, the effect be independent of the natural disaster dummy, i.e.
would be zero. Under this assumption, equation (1) can be rewritten as: Rosenbaum and Rubin (1983) propose that one match the treated units and control units on their propensity scores, which can be estimated by simple probit or logit models. A further assumption needed to apply PSM is the common support assumption (( ( ) < 1), which requires the existence of some comparable control units for each treated unit. When PSM is used, the ATT can now be estimated as:
The strategy then consists in computing the difference in government revenue for observations with similar propensity scores (the probability of experiencing a natural disaster).
Several matching methods exist: Nearest neighbor, one-one or many-one matching, Radius matching, Kernel matching and Local Linear regression. In this paper, we will estimate the first four methods.
The most straightforward matching estimator is Nearest-Neighbor (NN) matching. In the NN method, the country from the comparison group is chosen as a matching partner for a treated country that is closest in terms of propensity score. Therefore, all treated countries find a match. However, it is obvious that some of these matches are fairly poor because for some treated countries the nearest neighbor may have a very different propensity score, and, nevertheless, it would contribute to the estimation of the treatment effect independently of this difference. The Radius matching and Kernel matching methods offer a solution to this problem. With Radius matching, each treated observation is matched only with the control observations whose propensity score falls into a predefined "neighborhood of the propensity score of the treated observation. The Radius matching imposes a tolerance level on the maximum propensity score distance (caliper). If the dimension of the neighborhood (i.e., the radius) is set to be very small. it is possible that some treated units are not matched because the neighborhood does not contain control units. Therefore, the smaller the size of the neighborhood, the better the quality of the matches. In this paper, we set three radius calipers: 0.01; 0.05 and 0.10. With Kernel matching, all treated are matched with a weighted average of all controls with weights that are inversely proportional to the distance between the propensity scores of treated and controls (Smith and Todd, 2005) . Local linear matching, a non-parametric matching estimator, is similar to Kernel matching and uses weighted averages of all individuals in the control group to construct the counterfactual outcome. The difference between Kernel matching and local linear matching is that the latter includes a linear term in the propensity score of a treated observation, in addition to the intercept. This is an advantage whenever comparison group observations are distributed asymmetrically around the treated observation. Table 1 shows the effects of natural disasters on government revenue by using the propensity score matching method. We observe that natural disasters hurt government revenues and the magnitude of the effect is a function of the type of the disaster. and infrastructure networks, transport, communication and therefore a great loss of revenue to affected countries. We find that government revenues drop by 5.63 percent of GDP in the aftermath of a storm disaster (see Table 1 ). This result is robust and strongly significant at the 1 percent level. where they concentrate extremes of temperature and humidity over a period of a few days in the warmer months. The oppressive air mass in an urban environment can result in many deaths, especially among the very young, the elderly and the infirm. Extremely cold spells cause hypothermia and aggravate circulatory and respiratory diseases. Apart from these consequences, extreme temperature prevents agricultural practices or destroys agricultural products and reduces working hours and therefore potential revenue. Results reported in Table 1 show that extreme temperatures cause a fall in government revenue of 6.67 percent of GDP.
Results

Effect of natural disasters on government revenue
Overall, we find that, in general, natural disasters hurt government revenue. This effect is strongly significant at the 1 percent level and robust to various propensity score matching methods.
Furthermore, the impact of natural disasters varies greatly depending on the type of the disaster.
Government revenue drops from 5.02 percent of GDP for flood disasters to 6.67 percent of GDP for extreme temperature disasters. After drawing up the effect of natural disasters on government revenues, we now turn to the different components of government revenues. Extreme temperature ATT -6.67*** -6.67*** -6.67*** -6.67*** -6.67*** -6.67*** -6.67*** -6.67*** Note: Bootstrapped standard errors are reported in parentheses. They are based on 500 replications of the data, ***p<0.01, significant at 1 percent; **p<0.05, significant at 5 percent; *p<0.10, significant at 10 percent.
To test the robustness of our results to the existence of a potentially hidden bias we perform the Rosenbaum bounds (rbounds) test. For instance, when countries that are generally affected by natural disasters also have a low level of government revenues we can overestimate the impact of natural disasters resulting in negative selection bias. This statistical effect is only meaningful if the impact is significantly different from zero. The results show that the critical level of the hidden bias varies across the type of PSM used. The critical level value ranges varies from 1.1 to 2. Therefore, the unobserved variable would have to increase the odds ratio of the realization of a natural disaster by 10 -200% before it biased our estimates.
Effect of natural disasters on the various components of government revenue
Total government revenues encompass social contributions (e.g. contributions for pensions, healthcare and social security), taxes other than social contributions (e.g. taxes on consumption, income, wealth, property and capital) and grants and other revenues. In this section, we analyze the consequences of natural disasters on each type of revenue source, which can tell us what type of revenue source is most affected by a given natural disaster. All results are presented in Table 2 below. We used the NN matching method but our results are robust to alternative methods of matching.
Total tax revenue
By studying on total tax revenue, we consider the real capacity of the government to increase revenues through taxation. We observe that with the exception of extreme temperature disasters, our selected natural disasters negatively affect tax revenues, and this effect is strongly significant at 1 percent and robust to various propensity score matching estimators. Tax revenues drop by 2.42 percent of GDP for drought disasters to 2.6 percent of GDP in the aftermath of a storm disaster.
While we find in Table 1 that extreme temperature disasters have the most harmful effects on government revenues, it is surprising that they have no effect on total tax revenue.
Trade transaction tax
Taxes on international trade include import duties, export duties, export profits or import monopolies, exchange profits and exchange taxes. Natural disasters may affect international trade tax revenues through their impacts on the flows of international trade. Gassebner, Keck and The (2006) argue that the impact of a disaster on international trade can be transmitted either directly or indirectly. Direct impacts on exports can occur due to human losses and injuries (to company staff and manpower) and the destruction and damage of physical capital and equipment in the export sector. Damage to public infrastructure, such as roads, bridges, railways and telecommunication systems, can cause disruption to the export supply chain. In the case of imports, while similar direct channels can have an adverse effect, most of the impact of a disaster is likely to be transmitted indirectly through a reduction in aggregate economic activity (GDP). Any major reconstruction or rebuilding of damaged infrastructure in the affected countries will likely increase imports, since the required materials, technology or skills may need to come from abroad. Using a gravity model on over 170 countries for the years 1962-2004, Da Silva and Cernat (2012) show that exports decrease and imports increase after a natural disaster. Da Silva and Cernat (2012) also find that exports of affected small developing countries decline by 22% after a natural disaster and that the effects tend to last for about 3 years. Such sharp decline in trade may result in a fall of international trade tax revenues. Our results shed light on trade transaction tax revenues in the aftermath of any type of natural disaster (See Table 2 ). This effect is strongly significant at the 1 percent level and robust to the different estimators used. As we can observe, extreme temperature disasters create the most harmful effects, contrary to the drought disasters which have relatively lower impacts.
Goods and services
Taxes on goods and services include general sales and turnover or value added taxes, selective excises on goods, selective taxes on services, taxes on the use of goods or property, taxes on extraction and production of minerals and profits on fiscal monopolies. There is no doubt that natural disasters impact both goods and services either in quantum units or in terms of quality and therefore taxes levied from these goods and services. We find that natural disasters negatively impact tax revenue on general goods and services.
Property tax
After loss of life, infrastructure destruction is by far the most obvious type of damage that comes to mind when we think about natural disasters. In many cases property is one of the worst casualties of a natural disaster. Damage is done very quickly and with little warning, and people can be left homeless or in situations where destruction is so bad that rebuilding is impossible. In developing countries, property tax is extracted as an annual tax on urban land and buildings. If buildings are destroyed by natural disasters, it is politically difficult for governments to request property tax payments from property owners. Therefore, governments have to decide either to provide property tax exemption or to reschedule tax payments for affected people. Our results show that property tax revenues fall by 0.14 percent of GDP in the aftermath of a natural disaster, except in the case of extreme temperature disasters.
Corporate tax
One of the biggest problems for areas affected by natural disasters is business disruption. With road, communication infrastructure, and building damage common after sizable disasters, it is not uncommon for local businesses to be shut down for some time until the aftershocks settle.
Furthermore, natural disasters frequently have serious negative effects on a company's available capital, since they must now spend money to restore assets rather than to advance business operations. Such situations may lead companies into difficult financial circumstances. It is welldocumented that firms facing financial constraints exhibit lower cash effective tax payments (Edwards, Schwab and Shevlin, 2013; Chen and Lai, 2012) . Indeed, financially-constrained firms engage in tax avoidance more aggressively than financially unconstrained firms. Corporate tax revenues are thus likely to decrease due to natural disasters if they negatively impact business in the affected areas. Our results confirm this expectation for epidemic and drought disasters. We find that corporate tax revenues drop by 0.37 percent after epidemic disasters and by 0.34 percent over GDP after drought disasters. However, the effect is not significantly different from zero for flood, storm and extreme temperature disasters.
Value added tax
Value added tax (VAT) is an indirect tax on the domestic consumption of goods and services, except those that are zero-rated (such as food and essential drugs) or are otherwise exempt (such as exports).
VAT is levied at each stage in the chain of production and distribution from raw materials to the final sale based on the value (price) added at each stage. Natural disasters that affect production and consumption may also impact value added tax revenues. It is noteworthy that governments often do not hesitate to exempt value added tax after natural disasters 5 , which can lower value added tax revenues. However, this effect can be dampened by the increase in purchase and consumption necessary to rebuild damage caused by natural disasters. Our results highlight that natural disasters have no effect on value added tax revenues. Indeed, the impact is not different from zero for the different estimators used and for all types of disasters.
Income tax
From a macroeconomic point of view, a natural disaster can hit a certain area and cause incomes to decrease. Many individuals, as well as urban and regional economies, suffer immediate losses in wealth from physical catastrophes such as floods and storms. Furthermore, a main characteristic of developing countries is the large size of the informal business sector and the lack of insurance. After a natural disaster, people who work in informal sectors are less likely to be insured, which tends to prevent them from returning to work. One consequence of an unforeseen destructive shock is that people working in an informal sector or in small businesses are thought to experience a marked decline in their income and therefore in the tax levied through income. However, disaster areas potentially benefit from recovery efforts if there is a transfer of funds from outside the area that more than compensates for the losses (for instance, remittances from migrant workers). Our results show that the evidence is not clear cut. Indeed, we observe that storm and extreme temperature disasters reduce income tax revenue by 0.58 and 1.20 percent of GDP, respectively while epidemic, drought and flood disasters have no impact on income tax revenues. The effects associated to these three types of disasters are not different from zero in all columns.
Social contributions
Social contributions include social security contributions by employees, employers, and selfemployed individuals, and other contributions whose source cannot be determined. They also include actual or imputed contributions to social insurance schemes operated by governments. If many employees lose their jobs or companies are forced to lay off a large number of workers after a natural disaster, there is no doubt that social contributions may also decrease. Our results are consistent with this expectation. With the exception of extreme temperature disasters, the other selected natural disasters have negative effects on social contributions, which fall from 1.07 percent of GDP for storm disasters to 1.28 percent of GDP for drought disasters.
This section shows that the effects of natural disasters on tax revenues depend on the type of revenue source. While epidemic and drought disasters negatively impact all sources of revenue except value added tax and income tax, extreme temperature disasters have no effect on total tax revenues, property tax revenues, corporate tax revenues, value added tax revenues or social contributions. As for flood and storm disasters, they do not affect corporate tax and value added tax revenues. African countries and has resulted in a loss of foreign investors and a decline of expected economic growth 6 in the region. Given the strong trade, markets, financial and community integration between bordering countries, a natural disaster that affects one country can also have impact on bordering countries. Thus, we are challenged to question whether natural disasters that occur in a given country impact tax revenue in its border countries. Therefore, we construct a dummy variable that takes the value of one if there is a natural disaster in a bordering country and zero otherwise. We then use propensity score matching estimators to estimate the effects of natural disasters on the tax revenues of bordering countries. Our results are reported in Table 3 . We observe that natural disasters in a given bordering country have negative effects on the tax revenues of bordering countries. This harmful effect is strongly significant at the 1 percent level and robust to various estimators. This finding puts forward the necessity for bordering countries to coordinate action in order to cope with natural disasters.
Transborder effects of natural disasters
Role of resilience capacity, quality of governance and transborder effects
In the previous section, we show that natural disasters in general have negative effects on government revenues. However, this effect may depend on the countries' characteristics of and even on affected neighboring countries. In this section, we assess the role of resilience capacity, the quality of governance and transborder effects.
The role of resilience capacity
A high level of resilience capacity may help countries to cope with a disaster with minimum impact on government revenues. The United Nations International Strategy for Disaster Reduction (UNISDR) defines resilience as "the ability of a system, community or society exposed to hazards to resist, absorb, accommodate to and recover from the effects of a hazard in a timely and efficient manner, including through the preservation and restoration of its essential basic structures and functions". To assess the role of resilience capacity, we follow Kusumastuti et al (2014) and
construct an index of resilience for each country included in our study. Kusumastuti et al (2014) measure resilience as the ratio of a community's preparedness to its vulnerability. Preparedness refers to the capacity to handle disaster, while vulnerability is defined as the potential for loss. More specifically, preparedness incorporates five major components: social dimension (demographic Note: Bootstrapped standard errors are reported in parentheses. They are based on 500 replications of the data; ***p<0.01, significant at 1 percent; **p<0.05, significant at 5 percent; *p<0.10, significant at 10 percent.
characteristics of the country and the preparedness of the country to respond to a natural disaster), community capacity (government accountability), economic capacity (income per capita and the capability to recover economically from a disaster), institutional capacity (mitigation plan) and infrastructure capacity (the availability of electricity, clean water, sanitation, transportation networks and transportation access in the country). As for vulnerability, it consists of social vulnerability (related to demographic characteristics), community capacity (vulnerability related to wealth generating), infrastructure (vulnerability related to building) and hazard (variety of natural disasters in the country, frequency of natural disasters in the country, the severity of impact caused by the largest-scale of disaster that has occurred in the country). To perform a resilience index, an equally weighted index is constructed 7 . Each of the variables used to measure the different components of preparedness and vulnerability is standardized to lie between zero and one. The values for the different components are then combined with an equal weighting to calculate the country index of preparedness and vulnerability. The resilience score is calculated as the ratio of preparedness score to vulnerability score. If the value is lower than one, this indicates that the country is not resilient to natural disaster as its capacity to overcome the disaster is lower than its vulnerability. If the value is equal to 1, it means that the country has just enough capacity to overcome its vulnerability. If the value is more than one, it implies that the area is resilient towards natural disaster as it has the capacity to overcome its vulnerability.
We distinguish two groups of countries: one for countries with a resilience score equal to or above 1 referred to as "high resilience capacity" countries and another for countries with a resilience score below 1. We estimate the effects of natural disasters for each group. Results are reported in Table 3 .
We observe that the effects of natural disasters on tax revenues are more harmful in countries with a low resilience capacity score. Indeed, tax revenues drop by 2.85 percent of GDP for drought disasters to 3.27 percent of GDP for storm disasters in countries with low resilience capacity, that is, twice as high as the decline of tax revenues after natural disasters in countries with high resilience capacity
(1.31 percent to 1.86 percent of GDP).
The role of quality of governance
Studies including Anbarci, Escaleras and Register (2005) , Kahn (2005) , Gassebner, Keck and The (2006) highlight that governance is a key driver in determining the magnitude of the effect caused by natural disasters. Countries that are well-governed are better at coping with disasters. Kahn (2005) argues that the one possible reason that bad quality of institutions suffer from natural disasters is 7 See the Appendix for more detail.
corruption. Government corruption can raise death counts due to lack of enforcement of building codes, infrastructure quality and zoning. We therefore assess the role of corruption in the effects of natural disasters on tax revenues. We use data extracted from the Database of Political Institutions (World Bank, 2014) . To assess the role of corruption, we divide our sample into two sub-samples pre-determined by the median score. More specifically, high-score countries are those which have scores above the median, while low-score countries have scores below the median. We estimate propensity score matching in each group of countries. Results are reported in Table 3 . As one can observe, the most corrupted countries experience the most adverse effects of natural disasters.
Indeed, tax revenues fall in the most corrupt countries by 2.98 to 3.6 percent of GDP, contrary to countries with a low level of corruption where the adverse effects are around 1.38 to 1.77 percent of GDP.
In regarding to previous findings on resilience and corruption, we wanted to know what would occur if we combined the two types of country characteristics. We distinguish 4 groups: countries with high corruption and low resilience capacity, countries with high corruption and high resilience capacity, countries with low corruption and low resilience capacity and countries with low corruption and high resilience capacity. We have therefore two mixed cases and two extreme cases, i.e., one of high corruption and low resilience (very unfavorable circumstances) and one of low corruption and high resilience capacity (more favorable circumstances). We then use the nearest-neighbor matching estimator to estimate the effects of natural disasters on tax revenues for each group of countries. Table 3 show that natural disasters have adverse effects on tax revenues in countries with a high level of corruption and low level of resilience capacity, contrary to countries with a low level of corruption and a high level of resilience capacity where the effects are not different from zero. Therefore, countries that have higher resilience capacity and are well governed are best able to cope with natural disasters. As for mixed cases, we observe that natural disasters do not affect tax revenues in countries with a low level of corruption and low level of resilience capacity, while they have harmful effects in countries with a high level of corruption and a high level of resilience capacity. These findings highlight the importance of fighting against corruption and of building resilience frameworks in order to cope with the damage of natural disasters.
Results reported in
Robustness checks: Propensity score weighting with clustered data
Traditional methods of matching do not take into account the structure of panel data. For example, using the nearest neighbor matching method, a country treated in 1980 can have an untreated country in 2012 as a control country. Although their propensity scores are identical, the structure of economies in 1980 and 2012 are very different. In addition, the global economic environment has fundamentally changed between these two periods. Therefore, these countries are not comparable.
The control variables allow us to reduce such discrepancies, however, there may still be estimation bias. The nonparametric clustered estimator proposed by Li et al. (2012) allows us to calculate an ATT year, then aggregates the ATT for the average effect:
= ∑ ̂∑∑ with = ∑ and the probability of a country i at time t to be affected by a natural disaster.
Our results, presented in ***p<0.01, significant at 1 percent; **p<0.05, significant at 5 percent; *p<0.10, significant at 10 percent. 
Conclusion
In this paper, we investigate the effects of natural disasters on domestic resources mobilization.
Natural disasters are increasing in developing countries and the resulting damage is growing more and more harmful. Natural disasters kill people, destroy economies and production capacity, reduce international trade, pose a threat to business and commerce and reduce the tax base. This study, to our knowledge, the first of its kind in natural disaster studies, takes a different approach from previous works and uses propensity score matching estimators to tackle the selection bias issue. Our research covers 120 developing countries over the period of 1980-2012 and estimates the effects of five types of natural disasters (epidemic, drought, flood, storm and extreme temperature) on government revenue and its components. We find that, in general, natural disasters have negative effects on domestic revenue, but these effects depend on the type of levied revenue sources.
Furthermore, we find that natural disasters in a given country have harmful effects on the tax revenues of the bordering countries. However, our results show that these adverse effects are dampened in countries with a high capacity of resilience or in well-governed countries. Moreover, we find that countries with combined strong governance and high resilience capacity are able to cope with the effects of natural disasters on tax revenues, while countries with combined weak governance and a low level of resilience capacity lose out on large tax revenues after natural disasters. 
